Objective: To prospectively investigate the effects on urinary tract infection (UTI) of indwelling urinary catheter placement during cesarean delivery.
Introduction
Cesarean delivery rates have risen steadily. 1 In some parts of the world this has surpassed a ratio of 1:3 when compared to vaginal delivery. 2 This has created a major epidemiological health concern affecting the lives of many childbearing women undergoing this major abdominal surgery. Cesarean delivery carries with it all the complications of any major surgery (for example, anesthesia, infection, bleeding) in addition to injury to major organs and vascular structures at the site of incision. These include, but are not limited to, injury to major vessels (for example, uterine artery) and the urinary bladder. In addition, there are potential health concerns in future pregnancies including risk of placenta previa/ accreta 3 and risk of unexplained stillbirth in subsequent pregnancy. 4 Empirical urinary catheterization is commonly performed during cesarean delivery as it is widely believed that its placement can improve exposure of the lower uterine segment at the time of surgery, prevent urinary bladder injury and avoid postoperative urinary retention. 5, 6 The use of indwelling urinary catheters has been implicated as a main cause of urinary tract contamination 7, 8 occurring in 1.7 per 1000 of cesarean delivery patients, 9 and accounting for greater than 80% of nosocomial urinary tract infections (UTIs) 10 and greater postoperative pain. 11 Moreover, there is a direct cost of using indwelling catheters, in addition to the indirect costs posed by a possible increased risk of UTIs. Finally, patient discomfort and early return to daily activities is a factor that is sometimes not considered by the attending physicians when making the decision whether to catheterize.
In this context, given the need to further evaluate the pragmatic use of indwelling catheters in hemodynamically stable women undergoing cesarean, we decided to perform this prospective, multicenter, randomized controlled trial (RCT).
Methods

Setting
This prospective, multicenter, RCT was performed at the maternity wards of the Departments of Obstetrics and Gynecology at Assiut University and Cairo University. Institutional review board approval was attained from each institution before the beginning of the trial. In addition, all randomized women gave their written consent for this clinical trial after receiving a full explanation of the trial including the potential benefits and complications.
Patient population
Women undergoing elective cesarean were screened for inclusion. A complete history and physical examination were undertaken for all possible candidates to determine eligibility for inclusion. Inclusion criteria were primary and repeat cesarean deliveries, absence of UTI (assessed clinically and by urinalysis of midstream sample of urine (MSSU) with chemical indicator strips or dipsticks), absence of significant vaginal bleeding, absence of hypertensive disorders and/ or systemic disease requiring particular patient care (for example, cardiac disease, nephritic disorders), with no contraindications for anesthesia or antibiotic prophylaxis.
Patient randomization
A total of 420 gravid women undergoing cesarean were prospectively included and randomized to one of two groups in a 1:1 ratio using opaque, closed envelopes that were mixed and chosen at random. Patients were randomized to either the group 1 (uncatheterized group, UG) or group 2 (catheterized group, CG). No patient blinding was undertaken because this was not feasible within this study design. Patients in group 1 were encouraged to void within 1 h after surgery. Patients in group 2 were catheterized immediately before the procedure and the catheter was removed 12 h postoperatively.
Outcome measures
A structured questionnaire was completed by all women. UTI was diagnosed clinically with either the presence of 100 coliform organisms per ml urine with pyuria (X10 leukocytes per mm 3 ) or X100 000 of any pathogenic organism per ml urine on culture. 12 Assessment of the discomfort at first voiding (burning, urge and difficulty at voiding) was recorded. The level of pain and discomfort was recorded categorically (no pain, mild pain, discomforting pain, distressing pain, horrible pain and excruciating pain) using the McGill Pain Questionnaire. 13 Postoperative observations included the operation time (from the onset of surgery to completion of skin closure), the length of hospital stay (from the onset of surgery to hospital discharge), the time of first voiding (from start of the operation for UG, or from time of catheter removal and first voiding in CG), the time till start of oral rehydration and return of intestinal sounds after the operation, and total cost. Costs were measured by summation of cost of catheterization, hospital stay and medications. Urinary retention was diagnosed if a woman was unable to void spontaneously until the end of the first postpartum day. Clinical examination and documentation were carried out at least twice a day. The return of bowel function, documented by return of intestinal sounds or passage of flatus, was the determining factor for discharge in most cases, unless there were complications or other indications for hospital stay. Data on intraoperative difficulties were obtained from the questionnaire filled out by the surgeon.
Statistical analysis Data were statistically described in terms of range, mean ± standard deviation (s.d.) for continuous data, and frequencies and percentages for categorical data, where appropriate. Comparison of quantitative variables between the study groups was carried out using Student's t-test for independent samples. Greenhouse-Geisser Epsilon correction equation of the general linear model was used to compare different quantitative variables within the same group over the study period. For comparing categorical data w 2 -test was performed. Yates' correction equation was used instead when any of the expected frequencies was less than 5. A probability value (P-value) less than 0.05 was considered statistically significant. All statistical calculations were performed using Microsoft Excel version 7 (Microsoft Corporation, NY, USA) and SPSS 11 (SPSS Inc., Chicago, IL, USA) statistical programs.
Results
A total of 420 women were enrolled in this prospective trial, with 210 women randomized to each treatment arm. There were no significant differences between the two groups regarding demographic characteristics, indications for cesarean, pre-and postoperative care, and intake of postoperative analgesics (Table 1) . Urinary catheter placement during cesarean delivery AM Nasr et al
There was, however, a statistically significant increase in women using general anesthesia in the control (CG) group (27.14 vs 2.86%, P<0.001).
Regarding the incidence of UTIs, there was a statistically significant difference (P<0.001) between the two groups regarding UTI symptoms and two results obtained by dipstick test of an MSSU at three points of time (preoperative, 24 h after operation and 1 week after operation, Table 2 ). The incidence of UTI was 5.7% in the CG 24 h after operation and 2.9% one week after the operation, vs 0.5% (P<0.001) 24 h after operation and 0% (P<0.001) one week after the operation in the UG. A comparison of UTI symptom scoring in UG and CG is given in Table 3 .
Regarding operative difficulties, intraoperative difficulties were reported in 1.4% in the UG (one case with extension of the uterine incision, one case with difficulty in identifying and avoiding bladder injury, one case with a full urinary bladder at the start of surgery). Similar incidences were reported with catheterized women (Table 4) . Most women in the UG (95.7%) had their first voiding Urinary catheter placement during cesarean delivery AM Nasr et al postoperatively in the bathroom. Only a minor percentage (4.3%) needed a bedpan. Even so, 23 women in UG had distention of the urinary bladder at the end of operation and were catheterized once in the operating room. There were no recorded cases of paralytic ileus during the course of the trial. Regarding patient pain and discomfort, there was a statistically significant association between the degree of discomfort and the use of indwelling catheter (P<0.001; Table 5 ). Also the mean times to first voiding were significantly different between the two groups (P<0.001). Similarly, the mean times till ambulation were 7.7 ± 3.4 and 13.4 ± 9.9 h for UG and CG, respectively (P<0.001). Moreover, the mean times till the beginning of oral rehydration and return of intestinal sounds were significantly less in UG. This led to a significantly shorter duration of hospital stay in the UG (21.8 ± 5.9 h) compared to CG (45.22 ± 16.1 h) (P<0.001). In addition, the mean volume of intravenous fluids was significantly greater in CG (P<0.001; Table 6 ). Finally, the costs incurred postoperatively were doubled in the CG, compared to UG (116.28 and 54.02 Egyptian pounds (LE), respectively). Such extra costs were incurred in CG, because women had to stay in hospital for one extra night, on average (31.1 LE), together with cost of catheterization (6.2 LE) and extra medications (25 LE) . Women in the UG were generally pleased and satisfied with this method. All the women who experienced a previous cesarean delivery with the use of indwelling catheter were pleased and satisfied with nonuse of the catheter; with their experience to carry out cesarean without indwelling urinary catheter denoted by most as excellent.
When controlling for anesthetic use, we conducted stratified analyses in women who had received the two types of anesthesia and found that the incidence of UTI was significantly greater in the CG and that the mean times to patient ambulation, first postoperative voiding, oral rehydration, intestinal movement and duration of hospital stay were significantly less in the UG (Table 7) .
Discussion
The aim of this prospective, multicenter, RCT was to address the safety, feasibility and benefits of carrying out elective cesarean delivery without routine indwelling urinary bladder catheterization. Previous trials have addressed this argument, but have mainly been retrospective or not specific to this patient population. [14] [15] [16] The study design for this trial was chosen to be similar to two recently published trials 17, 18 to provide more homogeneity in globally analyzing the results. Furthermore, in the aforementioned trials, there were inadequate data on the degree of distension of the bladder or discomfort at voiding that could be expected if cesarean delivery was carried out without routine catheterization.
The results of this study showed that the volume of urine produced during cesarean would not produce a significant degree of distension and difficulties or interference during surgery. These results are in agreement with the results obtained by Senanayake. 18 Even at the end of surgery, the bladder did not distend to a level that would interfere with abdominal wall closure. Even so, 23 cases of the UG needed urinary catheterization at the end of surgery for fear of the occurrence of uterine atony and postoperative urinary retention, if left with a full bladder. The indication was preventative, taken by the surgeon, and not directly related to the surgical procedure.
The minor degree of distension demonstrated in this trial is treated by the modern approach of using regional anesthesia, which avoids preloading with large volumes of crystalloids. 19, 20 We adopted such approach in our study. It is also important to ensure that the woman has voided satisfactorily immediately before surgery. 21 Although the dictum is that the bladder should be catheterized to protect it from intraoperative injury, it could be argued that a slightly filled bladder may be better demarcated and therefore more easily identified intraoperatively. In the event of accidental cystotomy, urine would flow out, drawing attention to the damage. This would be a more reliable and earlier indicator of cystotomy than other indirect methods, such as use of an indwelling catheter to detect postoperative hematuria. 18 In our study there was no case of accidental cystotomy, although accidental cystotomy rates of 0.31 and 0.35% are quoted in a series that have used routine catheterization. 22, 23 Intraoperative difficulties were reported in only three cases (1.4%). However, the causes were not directly related to the use of catheter. Data on intraoperative difficulties were obtained from the questionnaire filled out by the surgeons.
The incidence of UTI was increased in the CG. It was 5.7 and 2.9% 24 h and 1 week after operation, respectively. These results were similar to the results reported by Ghoreishi. 17 It was noted that the incidence of UTI in the CG was less after 1 week than it would be after 24 h from the operation and can be explained by prophylactic antibiotics and adequate hydration. 24 Rates of UTI after cesarean delivery ranging between 1 and 31.4% are quoted in the literature. 15, 25 In one series, the rate of UTI was less than 1% among women undergoing pelvic laparotomy without an indwelling urinary catheter. 15 Our results regarding UTI incidence after cesarean delivery were in contrast to findings reported by Tangtrakul et al. 25 Their study compared immediate catheter removal to removal of an indwelling catheter the next day in women who had a cesarean delivery under general anesthesia (n ¼ 107). They reported no difference in incidence of UTI (RR 1.64, 95% CI 0.80 to 3.34) but more instances of urinary retention with immediate catheter removal (39 vs 0%). Another RCT on 78 subjects compared removal of the catheter immediately postoperatively to removal the next day in women undergoing gynecological (pelvic) surgery, of which 29 had cesarean delivery. 26 They found no difference in the incidence of UTI, urinary retention or fever, but the method of randomization is unclear and data given in the paper are incomplete. 27 The low rate of postoperative urinary retention in this study is proposed to be the result of adequate analgesia, early ambulation and possibly avoidance of blunt dissection of the bladder preventing disturbance of the innervations of the bladder. 18 Women in UG had a shorter mean ambulation time, and shorter hospital stay by nearly 23 h (21.8 vs 45.2 h). These results were similar to those demonstrated by Ghoreishi. 17 The total costs incurred postoperatively included the extra burden imposed by cost of catheterization, hospital stay, and medications as antibiotics and intravenous fluids. Intravenous fluid mean volumes were larger in the CG (4.2±0.2 liter), than the UG (2.95 ± 0.4 liter) (P<0.001). Moreover, increasing patients' morbidity may further increase the total cost. From our observation, it was clear that cesarean delivery with use of indwelling catheter was costly and unnecessary. Few authors pointed to this fact 17, 18, 28 but no one clarified all aspects of that costly procedure.
Women who were offered cesarean delivery without use of a urinary catheter were generally pleased and satisfied with this method. This agrees with results obtained by Ghoreishi. 17 All of the women who experienced a previous cesarean delivery with the use of indwelling catheter were pleased and satisfied with nonuse of the catheter; with their experience to carry out cesarean without indwelling urinary catheter denoted by most as excellent.
Mention here must be given to the potential limitations of the study including the type of anesthesia, because the two groups were quite different in terms of anesthesia. Given that the anesthesia differences were so great, it may be that other confounders that were not measured may have been different in the two groups. However, stratified analyses proved that anesthetic differences did not really matter. Other study limitations include inadequate power to actually examine surgical complications such as bladder or ureteral injury. Larger RCTs are required before generalization of study conclusions becomes possible.
Conclusion
The results of this trial demonstrate that routine urinary catheterization during cesarean delivery in hemodynamically stable women is unwarranted. The UG demonstrated a reduction in incidence of UTI, shorter hospital stay, potentially less cost with more patient satisfaction without increasing intraoperative difficulties.
